We demonstrate that allantoate is catabolized in soybean seedcoat extracts by an enzyme complex that has allantoate amidohydrolase and ureidoglycQlate amidohydrolase activities. Soybean seedcoat extracts released 14CO2 from [ureido-'4C] 
is not detectable indicates that allantoate-dependent glyoxylate production is enzymic and not a result of nonenzymic hydrolysis of a ureido intermediate ( [2,7- '4C]allantoate is not reduced when the volume of the reaction mixture is increased, suggesting that the release of 14CO2 is not dependent on the accumulation of free intermediates. That [2,7- 14CJallantoate dependent "4CO2 release is not proportionally diluted by unlabeled ureidoglycolate indicates that the reaction is carried out by an enzyme complex. This is the first report of ureidoglycolate amidohydrolase activity in any organism and the first in vitro demonstration in plants that the ureido-carbons of allantoate can be completely degraded to CO2 without a urea intermediate.
The ureides3, ALN4 and ALL, are important nitrogen (N) transport and storage compounds in a number of plant species. ' Fixed N is transported as ureides in many legumes of tropical or subtropical origin, e.g. soybean, and account for the majority of the N transported in the xylem sap to the aerial portions of soybeans under N2-fixing conditions (5) . Thus, the majority of N in a soybean plant is made available by the catabolism of ALN and ALL. The pathway of ALL catabolism has yet to be resolved fully. Previously it had generally been assumed that the subsequent release of N is entirely dependent on the urease-dependent hydrolysis of urea released from ALL (6, 7, 9) . This would be consistent with allantoate amidinohydrolase (15) (EC 3.5.3.4.), which releases equimolar urea and ureidoglycolate and the subsequent metabolism of ureidoglycolate to urea and glyoxylate. Although there are several reports (1, 7, 9) of in vivo urea formation, the data presented are insufficient to establish this pathway. The reports of urea formation can be criticized because corrections for nonenzymic degradation of ALL (which is labile) were not made: (a) the urea found could have been a product of aphid metabolism; (b) urea could have been released nonenzymically from ALL by acid hydrolysis during the isolation procedure; (c) urea could have been released nonenzymically from ALL by the extraction procedure (boiling 80% ethanol); (d) the unlabeled urea reported could have resulted from sources other than ALN, such as arginine.
There are a number of papers (discussed in Ref. 12 ) that report an in vitro ALL degrading activity that is assumed to be allantoate amidinohydrolase; however, in all cases the products are insufficiently characterized to eliminate alternative interpretations. It is essential to quantitatively characterize the production of urea, relative to urease-independent NH3 or CO2 production to differentiate between the possible ALL degrading activities.
We have presented evidence that ALL is degraded by ALAH (14, 15) (EC 3.5.3.9) in soybean seedcoat extracts (18) Purity was ascertained by HPLC analysis (17) . The effluent was monitored by UV detection at 210 nm and analysis of collected fractions for urea and glyoxylate. Purity was also ascertained on TLC-silica plates with n-butanol, acetic acid, and H20 (12:3:5).
Potassium ureidoglycolate was synthesized by a procedure modified from Valentine and Wolfe (13) . Glyoxylic acid, 10.0 g, was added to 5 ml water at 4°C and 6.0 g solid KOH was added. The pH was adjusted to 7.0. Urea, 14 g, was added with stirring and the reaction was incubated at room temperature.
The reaction was monitored by ion exclusion HPLC (i.e. glyoxylate loss and UG synthesis). After the reaction reached equilibrium (2-3 h), 9 volumes of 95% ethanol were added with stirring. The precipitate was collected on filter paper, and redissolved in 100 ml H20 and recrystallized with 9 volumes ethanol.
The resulting precipitate was collected, washed with ethanol, and dried under vacuum. The dried salt was aliquoted and stored at -20°C in a desiccator. [Ureido-'4CJUG was synthesized similarly except that 1 mCi ['4C]urea was included per 1.5 g unlabeled urea. HPLC organic acid and organic base columns and '3C-NMR were utilized to determine the purity of UG.
PPD was purchased from ICN (Plainview, NY). All other chemicals were purchased from Sigma, unless otherwise stated.
Preparation of Enzyme Extract. Seedcoats were homogenized with a Polytron in 10 volumes of cold 50 to 100 mM Tris-H2SO4 (pH 8.8) containing 2 mm MnSO4, and 14 mm ,BME. The crude homogenate was centrifuged at 14,000g for 30 min and subsequently filtered through Miracloth (VWR Scientific, St. Louis, MO) .
Solid (NH4)2SO4 was added to the crude extract to 45% of saturation and stirred for 45 min at 4°C. The extract was then centrifuged at 14,000g for 30 min and the pellet was redissolved in 1 volume of the extraction buffer and centrifuged at 14,000g for 30 min. The extract was desalted on Sephadex G-50 (the extraction buffer plus 250 mm Na2SO4 was used as mobile phase) and stored as 1 to 4 ml aliquots at -20°C. All analyses were performed within 2 weeks.
Assay of Enzymic Activity. Enzyme extract (50-500,ul) was added to one to four volumes of 50 to 100 mm Tris-H2SO4, 2 mM MnSO4, 14 mm ,BME with ALL or UG as substrate. The buffer was degassed prior to jME addition. Extracts were preincubated at 4°C for 15 min with PPD (0.1-1 mm final concentration).
Chemical Analysis. '4C02 was quantitated similarly to Kerr et al. (4) by capturing CO2 on a glass fiber filter impregnated with 150,ul of 20% saturated NaOH prepared fresh each day from a saturated solution. Reactions were terminated by the addition of I volume 1 N H2SO4. "4CO2 was captured for 3 h. Samples were counted after 18 to 20 h and data were corrected for CO2 capturing and counting efficiency.
Glyoxylate was analyzed by the methods of Vogels and Van der Drift (16) , except that all volumes were halved. Sodium glyoxylate monohydrate was dried under vacuum and stored in a desiccator at -20°C. Standard curves were prepared from sodium glyoxylate monohydrate in the reaction buffer with enzyme extract. Urea was analyzed by quantitation of its diacetylmonoxime derivative (3).
Analysis of Neutral14C Products. Reaction mixture (75 ,ul) was applied to a 0.5 ml Dowek AG1-X8 resin (200-400 dry mesh, acetate form) in a 1 ml tuberculin syringe. Neutral products were eluted by washing the column with 500 p.l 20 mm urea and then three times with 750 ,ul 20 mm urea. "4C-Neutral products were quantitated by liquid scintillation spectrometry. All samples were quench corrected. (Fig. 2) . Because the rate of nonenzymic degradation to urea and glyoxylate is high ( Fig. 4; [13] ), it is necessary to use concentrated extracts to quantitate glyoxylate production. The enzymic activity was concentrated by (NH4)2SO4 precipitation so that a minimal reaction mixture volume could be used. A rate of enzymic UG-dependent glyoxylate production of 6.8 nmol min-I-mg-I protein was found and minus enzyme samples gave a rate of 2.9 nmol-min -I on an equivalent basis (Fig. 4) . Thus, the enzymic rate was 3.9 nmol-min-l-mg-I protein. (18) . "4CO2 and glyoxylate are produced in a constant ratio which is not consistent with the production of either being dependent on the accumulation of a free intermediate. In a previous study (18) we reported that CO2 and pH 7.0 labile glyoxylate derivatives (ureidoglycine + UG; [16] (17) , (c) ALAH is the first step of ALL degradation (17, 18) . Further, R Stahlhut (personal communication) has shown that ALN can be completely degraded by soybean cell cultures without urease action, thus confirming and extending the work of Polacco et al. (8) .
Although these and previous results (8, 17, 18) clearly establish that, in soybean, ureides can be degraded by ALAH and UGAH without a urea intermediate, our results do not completely eliminate the possibility that urea may be a product of ureide catabolism in other plant species or that soybean plants may have a second activity (not evident under our experimental conditions) that degrades ALL via a urea intermediate. However, the assumption that all N released from ureide catabolism is derived from a urea intermediate (6, 9) is not yet supported by clear experimental evidence. The recent isolation of urease-negative soybeans (J Polacco, personal communication) will help clearly establish the in vivo role, if any, of urease and urea in soybean ureide catabolism.
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